with the inflammatory markers procalcitonin (0.20, 95% CI 0.03-0.37), proadrenomedullin (0.28, 95% CI 0.12-0.43) and albumin (-0.39, 95% CI -0.57 to -0.21), the stress marker copeptin (0.34, 95% CI 0.17-0.51), the renal function marker urea (0.23, 95% CI 0.07-0.38), the nutritional markers vitamin D25 (-0.22, 95% CI -0.41 to -0.02) and corrected calcium (0.29, 95% CI 0.10-0.49) and the hematological markers hemoglobin (-0.27, 95% CI -0.43 to -0.10) and red blood cell distribution width (0.26, 95% CI 0.07-0.44). Subgroup analysis suggested that acute malnutrition rather than chronic malnutrition was associated with elevated biomarker levels. Conclusion: Acute malnutrition was associated with a pronounced inflammatory response and an alteration in biomarkers associated with different pathophysiological states. Interventional trials are needed to prove causality.
Introduction
Malnutrition is a frequent problem in hospitalized medical patients and may result from chronic diseases, which lead to cachexia and weight loss, or acute illness, which decreases appetite and nutritional intake. Approximately 30% of patients hospitalized on medical wards are at risk nutritionally, with available evidence suggesting that these patients have poorer clinical outcomes exemplified by higher rates of morbidity and mortality as well as prolonged hospital stays [1, 2] . There is thus a clear need for proactive screening and management of malnutrition in the hospital setting. Screening for malnutrition in adult inpatients is best accomplished following the Nutritional Risk Screening (NRS) 2002 guidelines published by the European Society for Clinical Nutrition and Metabolism (ESPEN) [3] . These guidelines permit the categorization of a patient's impaired nutritional status taking into consideration the severity of disease.
Despite the high prevalence of malnutrition in the hospital setting, the underlying pathophysiologic mechanisms and their impact on laboratory findings are still incompletely understood [4, 5] . Earlier studies in this area attribute a central role for cytokines in the pathogenesis of cachexia, particularly cancer cachexia. Cytokines are an integral part of the systemic inflammatory response and have been implicated in the etiology of anorexia, weight loss, cognitive dysfunction, anemia and frailty. They induce ubiquitin-mediated proteolysis that releases amino acids, which are then used for the hepatic production of C-reactive protein (CRP) [6] . Cytokines are also implicated in an imbalance of stress hormones, with increased glucocorticoid hormones and decreased sexual hormones potentially contributing to catabolism [7] . Furthermore, recent studies have suggested the occurrence of cross talk between inflammatory cytokines and glucagon-like peptide-1 (GLP-1), reducing food intake and inducing weight loss [8] . These diverse pathways are thought to synergistically play a role in (cancer) cachexia, which has been characterized by the ESPEN as a systemic pro-inflammatory process that results in metabolic derangements that include insulin resistance, loss of body fat and muscle and increased lipolysis, lipid oxidation, protein turnover and production of acute phase proteins [9] .
Inflammation in acutely and chronically ill patients is thought to influence nutritional status. Conversely, dietary factors also have an impact on the inflammatory response and clinical outcomes. This bidirectional relationship is complex and currently incompletely under-stood. Whether malnutrition has a direct link to adverse outcomes or is instead a mirror of disease severity remains unclear. Herein, our aim was to study whether acute and chronic malnutrition as assessed with the NRS 2002 is associated with blood biomarkers of inflammation/infection, stress and kidney and hematological function. We also investigated whether these associations remained robust after rigorous adjustment for disease severity and other potential confounding factors in multivariate regression models.
Methods

Study Design
This secondary observational analysis included consecutive medical inpatients hospitalized through the emergency department (ED) of a Swiss tertiary care hospital between February 2013 and October 2013. All patients were participants in a prospective, observational, multicenter, multinational trial called the TRIAGE project that aimed to devise an algorithm to optimize triage and anticipate the post-acute care needs of adult patients with medical emergencies [10] . The institutional review board waived the need for informed consent because of the observational nature of the study (through notification EK 2012/059).
Patient Population and Management of Patients
We used patient data from the TRIAGE project cohort hospitalized during the defined time period (3,585 patients). Five hundred twenty-nine of these patients met inclusion criteria, which included manifest or imminent risk of development of malnutrition as well as availability of NRS scores and all laboratory values. Data on main diagnosis of each patient and left over blood samples were collected from the ED. During their hospital stay, the patients' clinical information including their sociodemographic data was collected, and comorbidities were assessed prospectively. Nursing staff assessed nutritional status using NRS 2002 guidelines within 48 h after hospital admission.
Definitions of Main Diagnosis and Comorbidities
The main diagnosis was assigned to different groups using diagnosis-related group codes. Generated groups included infectious diseases, tumors, cardiovascular disease, pulmonary disease, gastrointestinal disease, immune disorders, endocrine disorders, neurological disorders, psychological disorders/intoxication, musculoskeletal disorders and 'other' main diagnoses. Comorbidities were also grouped in a similar manner.
Outcome Measures
The end point in this study was the association of NRS scores with biomarkers associated with different pathophysiological states. At the time of admission, we measured CRP, procalcitonin (PCT), white blood cell (WBC) count, albumin and proadrenomedullin (proADM) to reflect inflammatory or infectious processes; copeptin as a stress marker; creatinine and urea as indicators of renal function; vitamin D25, corrected calcium and glucose as nutritional markers; and platelets, international normalized ratio In addition, we measured PCT levels post hoc using an automated rapid sensitive assay (the KRYPTOR PCT assay produced by Thermo Scientific Biomarkers (formerly B.R.A.H.M.S AG), Hennigsdorf, Germany; normal range ≤ 0.50 μg/l and detection limit 0.02 μg/l). Concentrations of ProADM were batch-measured in plasma using an automated sandwich chemiluminescence immunoassay on the KRYPTOR system (detection limit 0.05 nmol/l). Copeptin (normal range <19.0 pmol/l and detection limit 0. 
Assessment of Nutritional Status and Definition of Nutritional Impairment
Nutritional status was assessed using the NRS 2002, a screening tool that considers nutritional status (1-3 points), severity of illness (1-3 points) and age (one point if age >70 years). As recommended in the original publication by Kondrup et al. [11] , a NRS score ≥ 3 was designated as a cutoff for malnutrition or risk of developing malnutrition. The NRS score includes measures of both acute (reduced food intake during the last week) and chronic (low BMI, indicative of weight loss over a 3-month period) malnutrition. In recognition of this, we classified malnutrition seen in the patients in this study as being acute or chronic.
Statistical Analysis
The association between NRS scores and biomarker levels was assessed with patients being categorized into 3 groups based on NRS scores: NRS <3, NRS = 3 and NRS >3. Patient characteristic variables are expressed as medians (interquartile ranges [IQR; 25th-75th percentiles]), while frequencies are reported as percentages. Patient characteristics were compared using the chi-square test for binary data and analysis of variance for continuous data across the 3 NRS groups. Biomarker levels are graphically depicted in figure 1 . For ease of comparison during further analyses, laboratory values were transformed into deciles. The association between NRS scores and laboratory findings was explored using linear regression analyses, with results being reported as coefficients with 95% CIs. Additionally, we adjusted for age and gender (Model 1); age, gender and comorbidities (Model 2); and age, gender, comorbidities and main diagnosis (Model 3). Furthermore, we conducted a subgroup analysis in which acutely and chronically malnourished patients were studied separately. Patients with concomitant acute malnutrition and chronic weight loss were excluded from the subgroup analyses. All statistical analyses were performed using the STATA 12.1 software package (StataCorp, College Station, Tex., USA). A p value <0.05 (for a 2-sided test) was considered statistically significant.
Results
Patient Population
Of 529 patients meeting the inclusion criteria, 350 (66.2%) had no nutritional impairment, while 179 (33.8%) were nutritionally at risk, with NRS scores of 3 points (91, 17.2%) or higher (88, 16.6%). Baseline characteristics of the study cohort according to NRS score are shown in table 1 . Two hundred twenty-seven (42.9%) patients were women, and their median age was 72 years (IQR 62-80). Patients at risk nutritionally were significantly older (ages 69 vs. 73 vs. 73 years for patients with NRS scores less than, equal to or greater than 3, respectively; p < 0.001) and suffered more often from tumors and gastrointestinal diseases but less often from cardiovascular diseases.
Laboratory Findings
Patients at risk nutritionally showed significantly higher CRP levels (70.6 vs. 83.4 vs. 103.5 mg/l, p = 0.027), PCT levels (0.16 vs. 0.21 vs. 0.24 μg/l, p = 0.007) and pro-ADM levels (1.34 vs. 1.62 vs. 1.62 nmol/l, p = 0.001). There was no significant difference in WBC counts between the 3 groups (10.31 vs. 9.66 vs. 10.61 × 10 9 /l, p = 0.54). Albumin was lower in patients nutritionally at risk (33.4 vs. 31.4 vs. 28.9 g/l, p < 0.001). Copeptin, a stress marker, was present at higher levels in these patients (24.7 vs. 40.0 vs. 53.5 pmol/l, p < 0.001). Renal function differed as measured by urea levels (6.6 vs. 7.9 vs. 8.0 mmol/l, p = 0.036), but not in terms of creatinine levels (99.0 vs. 97.0 vs. 95.5 μmol/l, p = 0.530). Surprisingly, corrected calcium was present at higher levels in malnourished patients (2.33 vs. 2.39 vs. 2.42 mmol/l, p < 0.001), while both glucose (6.7 vs. 6.7 vs. 6.6 mmol/l, p = 0.870) and vitamin D25 (43.3 vs. 32.6 vs. 36.3 nmol/l, p = 0.060) showed no significant aberrations. Hemoglobin was significantly lower (128.5 vs. 122.0 vs. 117.5 g/l, p < 0.001) and RDW was significantly higher (14.0 vs. 15.3 vs. 15.0%, p < 0.001) in patients with NRS scores ≥ 3. Patients' platelet counts or INR values did not differ significantly between the 3 groups. Laboratory findings (median and 75th percentile) of the 3 patient groups are visually represented in figure 1 .
Association of NRS Scores with Biomarker Levels
We performed linear regression analyses (regression coefficient, 95% CI, p value) and found a stepwise increase of inflammation/infection biomarkers (CRP 0.21, 95% CI 0.03-0.39, p = 0.021; PCT 0.28, 95% CI 0.10-0.47, p = 0.003; proADM 0.40, 95% CI 0.23-0.58, p < 0.001; albumin -0.60, 95% CI -0.77 to -0.43, p < 0.001) in patients with NRS scores <3, 3 and >3 points, with the exception of WBC counts (-0.04, 95% CI -0.22 to 0.14, p = 0.630). Higher NRS scores were also associated with higher copeptin (0.44, 95% CI 0.27-0.62, p < 0.001) and urea (0.28, 95% CI 0.10-0.46, p = 0.002) levels. Findings were similar with regard to lower levels of vitamin D25 (-0.23, 95% CI -0.41 to -0.05, p = 0.012) as well as higher levels of corrected calcium (0.43, 95% CI 0.26-0.61, p < 0.001). No significant association was found for glu- cose levels (-0.02, 95% CI -0.20 to 0.16, p = 0.796). As far as hematological parameters were concerned, there was a significant correlation between nutritional risk and hemoglobin levels (-0.50, 95% CI -0.67 to -0.32, p < 0.001) as well as RDW (0.46, 95% CI 0.28-0.63, p < 0.001). Hemostatic parameters, namely platelet counts (-0.06, 95% CI -0.24 to 0.12, p = 0.506) and INR (0.15, 95% CI -0.05 to 0.35, p = 0.143), were not significantly associated with the NRS score. After stepwise adjustment for demographics (Model 1), comorbidities (Model 2) and main diagnosis (Model 3), these associations remained robust. Only CRP levels ceased to be significantly correlated with NRS scores after adjustment for comorbidities (0.13, 95% CI -0.06 to 0.31, p = 0.179). Levels of PCT showed marginal insignificance in Model 2 (0.18, 95% CI 0.00-0.36, p = 0.050) but regained significance in Model 3 (0.20, 95% CI 0.03-0.37, p = 0.025). Detailed results are displayed in table 2 .
Association of Acute and Chronic Malnutrition with Biomarker Levels
Subgroup analyses revealed that only acutely malnourished patients had significant associations between nutritional risk and CRP levels (0.92, 95% CI 0.18-1.67, p = 0.015), proADM (0.88, 95% CI 0.14-1.62, p = 0.021), copeptin (0.84, 95% CI 0.10-1.59, p = 0.027), creatinine (0.91, 95% CI 0.17-1.66, p = 0.016), vitamin D25 (-0.87, 95% CI -1.61 to -0.12, p = 0.022) and glucose (0.81, 95% CI 0.07-1.55, p = 0.033). Patients with chronic impairment of nutritional status showed no significant associations with biomarkers of inflammation/infection, renal function, stress or nutritional status. Only 2 parameters of hematological function, platelets (1.13, 95% CI 0.32-1.95, p = 0.006) and RDW (0.88, 95% CI 0.06-1.70, p = 0.036) were significantly associated with NRS scores in these patients. Detailed results are presented in table 3 .
Discussion
We found strong associations between nutritional status and biomarkers from multiple pathophysiological states, including inflammation/infection, stress and kidney and hematological function. Compared within the different NRS score categories, patients at risk nutritionally had more pronounced alterations of biomarker levels. This was confirmed through linear regression analyses adjusted for different confounding factors. Although observational studies may not prove causality, our results support the hypothesis that the adverse outcomes often seen in malnourished patients are linked through these pathways. To evaluate the risk for malnutrition, we used the NRS 2002, a screening tool whose use has shed light on adverse clinical outcomes associated with malnutrition across multiple patient populations [11] . We also asked the question as to which among acute and chronic malnutrition had stronger associations with adverse outcomes. We found the association to be stronger with acute malnutrition, defined as reduced nutritional intake within the last 7 days. An International Consensus Guideline Committee constituted to develop a consensus approach to defining malnutrition syndromes for adults in the clinical setting proposed an etiology-based definition of malnutrition [12] . The Academy of Nutrition and Dietetics and the American Society for Parenteral and Enteral Nutrition therefore introduced 3 malnutrition categories based on underlying cause, with the categories including malnutrition in the context of (a) social and environmental circumstances, (b) chronic illness and (c) acute illness or injury [13] . Our results showing differences in biomarker levels in patients with acute versus chronic malnutrition support these definition categories and suggest that different pathophysiological pathways are activated in each of these categories. This is especially true in the case of markers of inflammation, which reflect moderate in-flammatory reactions in chronically ill patients and a strongly activated inflammatory system in acutely ill patients. Whether these findings also have therapeutic implications remains to be investigated in interventional trials.
Perspectives from Other Studies
Multiple studies have reported an association between nutritional impairment and inflammation as measured using CRP levels. Earlier studies have found that malnutrition as assessed by the patient-generated subjective global assessment [14, 15] and the Mini-Nutritional Assessment and weight loss [16] was associated with higher levels of CRP. However, the methods used to assess nutritional status differed from those in our study. Our study confirms this association using another screening tool (NRS 2002) and looking at additional biomarkers of inflammation such as PCT and proADM. Importantly, the multivariate models revealed that the association between NRS scores and CRP was no longer significant, which suggests that CRP is mainly influenced by disease severity and age, and that malnutrition per se affects it to a lesser extent.
To our knowledge, this is the first report evaluating the association between NRS scores and copeptin, a marker of stress [17] . Copeptin is part of pre-pro-vasopressin, a precursor of vasopressin, and is influenced by volume, osmotic and stress stimuli. Of note, we did not assess fluid/volume status in our cohort and therefore could not differentiate which stimulus may have been most important in increasing copeptin levels in patients with elevated NRS scores [18] . A study conducted by Tufan et al. [19] found that in addition to routinely used markers of malnutrition, the urea/creatinine ratio may provide additional information on malnutrition in a population of hemodialysis patients. Our findings indicating significant association of malnutrition with urea but not with creatinine support that hypothesis. However, the increase in urea may well be a sign of protein catabolism in these malnourished patients.
Specific nutritional markers would be very important in improving malnutrition screening. Much attention has been paid to albumin levels as a putative nutritional marker. Historically, albumin was considered as a nutritional marker because of its decrease in patients with severe protein malnutrition and Kwashiorkor, but today the association between malnutrition and albumin is questioned, with albumin being viewed instead as a negative acute phase protein [20] , for which reason we have included albumin with the markers of inflammation.
In regard to lower hemoglobin levels, the higher prevalence of anemia in malnourished patients is in line with previous research and may be partly explained by the inflammatory reaction and by decreased production of hemoglobin due to low substrate levels [21] .
Methodological Aspects
A strength of the present study is the number of clinical biomarkers associated with different pathophysiological states that were evaluated. An additional strength is the use of the NRS 2002 as a screening tool. The NRS 2002 is an evidence-based and extensively used screening tool that has been validated and is recommended by the ESPEN as being suitable for use in screening adult inpatients [3, 20] .
Our study has some limitations. First, the heterogeneity of patients suffering from acute or chronic malnutrition introduces significant variability into the statistical models. Second, we used NRS 2002 as a surrogate for malnutrition but performed no further detailed assessments of nutritional status. The NRS 2002 is a nutritional screening tool and not all patients with increased risk as assessed by the NRS may have clinical malnutrition. Third, we only assessed initial biomarker levels; whether biomarker kinetics are influenced by malnutrition status or disease severity remains unclear. Finally, this study does not prove causality between malnutrition and biomarker levels despite adjustment for different potentially confounding factors. This relationship should be investigated in further interventional studies exploring the effect of nutritional therapy on biomarkers.
Clinical Implications
Our study revealed that increasing age and malignancies were significantly associated with malnutrition whether they were primary diagnoses or comorbidities. This finding, combined with the knowledge of the number of elderly patients or patients with tumors who are hospitalized will enable a more accurate estimation of the true burden of malnutrition in hospitalized patients than is currently available. Awareness of the true burden of malnutrition in this patient population may prompt proactive assessment of nutritional status immediately upon admission and thereby facilitate the timely implementation of interventions to address malnutrition in patients at risk (e.g. the elderly or those with tumors).
Combining patient history with information on the levels of biomarkers shown to be significantly associated with malnutrition in our study (e.g. CRP, PCT, pro-ADM, copeptin, albumin, corrected calcium, hemoglobin, and RDW) may assist with risk stratification, early identification of patients at risk for malnutrition, timely institution of appropriate interventions and follow-up of responses to these interventions. Given that levels of many of these biomarkers are routinely assessed at admission or can be obtained without too much difficulty, assessment of nutritional status should not prove to be a significant problem. Interventions to address nutritional deficiencies have the potential to significantly improve clinical outcomes through their possible impact on lengths of stay, readmission rates and mortality. Future studies exploring the impact of proactive assessment of nutritional status and timely implementation of appropriate interventions on these parameters may be informative [22] .
Conclusion
Acute malnutrition was associated with a pronounced inflammatory response and an alteration in levels of biomarkers associated with different pathophysiological states. Interventional trials are needed to prove causality.
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